The effect of nerve growth factor (NGF) and medium conditioned by glioma cells (GCM) on the survival of chicken sensory neurons in culture was investigated. Neurons were isolated from embryos 8 days (E8) to 16 days (E16) old and the proportion of surviving neurons was determined after 2 days in culture. In the absence of NGF or GCM, essentially no neurons survived at any age. In the presence of NGF, survival increased from 25% of the neurons at ES to 40% between E10 and E12 and then decreased to background levels (5%) at E16. In contrast, in the presence of GCM, survival increased continuously from 10% of the neurons at ES to 75% at E16. At early developmental stages, the effect of NGF and GCM together was greater than the sum of their individual effects: at ES, about 80% of the neurons survived, double the number expected for a simple additive effect. Thus, a significant proportion of chicken neurons from dorsal root ganglia require both NGF and GCM for survival, and this may well include neurons from the ventro-lateral population, which do not respond to NGF alone. As neurons matured, the double requirement progressively decreased and, by E16, NGF no longer increased the number of neurons over that surviving in response to GCM alone. The facts that rat brain extracts mimicked the effect of GCM and that the potency of the brain extracts of rat in the postnatal period increased in parallel with the development of the glial cells suggest that glial cells produce a factor(s) both immunologically and functionally different from NGF which supports the survival of sensory neurons.
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During embryogenesis, neurons of the peripheral nervous system depend for their survival and differentiation on specific factors (for a recent review, see ref. 1) . The most striking evidence for such a dependence is that antibodies to nerve growth factor (NGF), the only purified and well-characterized factor, lead to a degeneration of sympathetic neurons when injected into newborn mammals (2) . Conversely, injection of NGF prevents the death of neurons, which normally occurs during the development of sympathetic ganglia (3). In addition, the absolute requirement of target neurons for NGF can be demonstrated in cultures of isolated neurons: sympathetic neurons isolated from newborn mammals or chicken embryos do not survive in nitro unless NGF is added to the culture medium (4, 5) . The same dependence on the presence of NGF has been shown for sensory neurons isolated from dorsal root ganglia of newborn mammals (6) and chicken embryos (5, 7) during a restricted period of development.
Not all sensory neurons dissociated from dorsal root ganglia of chicken embryos survive in culture, even in the presence of optimal concentrations of NGF (7). This is explained by the fact that the population of sensory neurons is heterogeneous. Until embryonic day 15 (ElS), it is possible to distinguish morphoThe publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. MATERIALS AND METHODS Neuron Cultures. The cultures were established by the method described by Greene (7) , with the modifications described here. Eggs of Arbor Acres hens were incubated at 37.5°C in a 70% water-saturated incubator and rotated four times per day. Hatching under these conditions occurred between day 20 and day 21 of incubation. Embryos 8, 10, 12, 14, and 16 days old were used after staging according to the criteria of Hamburger and Hamilton (13) . Seventy-six to 80 ganglia were dissected from two embryos. In the thoracic region, care was taken to separate the dorsal root from the sympathetic ganglia that lie in close apposition. The dorsal root ganglia were collected in 1 ml of F-14 medium (made from powder supplemented as in ref. 14) , which at the end of the dissection was replaced by 2 ml of Ca2+-and Mg2+-free phosphate-buffered saline containing 0.1% trypsin (Worthington). After 20 min of incubation at 37°C, the ganglia were centrifuged and washed twice with F-14 medium containing 10% (vol/vol) heat-inactivated horse serum (GIBCO). The ganglia were dissociated by gentle trituration (10-15 aspirations) in a Abbreviations: NGF, nerve growth factor; GCM, glioma-conditioned medium; E, embryonic day. 15 times with an Amicon DC2 hollow fiber system, having a cut-off of Mr 10,000. After concentration, the GCM was dialyzed against F-14 medium and stored frozen in portions until used. One milliliter of this concentrated GCM was substituted for 1 ml of F-14 medium plus 10% horse serum. Brain extracts were prepared by homogenizing brains (minus cerebellum) of 5-week-old rats (unless otherwise specified) with an Ultra-Turrax at a concentration of 50 mg wet weight per ml of F-14 medium. After centrifugation for 20 min at 20,000 X g and for 60 min at 100,000 X g, 10% horse serum was added and portions were frozen. Before use, the thawed extracts were filtered through 0.2-jim Millex filters and substituted for 1 ml of F-14 medium plus 10% horse serum.
Cell Counts. After the dishes were washed twice with 1 ml of F-14 medium, cells were counted by scanning strips (at least 4% of the surface or at least 200 cells) with a phase-contrast microscope at a X125 magnification. Unless otherwise specified, cells were counted after 48 hr. All the round-bodied cells with processes at least twice the cell diameter were counted, although most of the cells after 2 days had processes of at least five cell diameters (see Fig. 1 ), which were still growing.
Radioimmunoassay. Two-site radioimmunoassays were performed as described (16) Table 1 shows that rat brain extracts indeed supported the survival of sensory neurons in culture. Furthermore, as with GCM, this effect increased markedly with the maturation of the sensory ganglia. Also, at early embryonic ages, as with GCM, the combination of brain extracts with NGF was more than additive. However, it is not known if higher concentrations of brain extracts would result in an increased survival: at concentrations above 25 mg/ml, the adult brain extracts were toxic and resulted in a lower survival.
Because the number of glial cells in rat brain markedly increases during the weeks after birth (19) , it was of interest to see if a correlation existed between the postnatal age of the brain and the number of surviving neurons. Fig. 3 shows that such a correlation does indeed exist. There was an approximately 4-fold increase in the activity of brains between postnatal days 2 and 30. Unlike the extracts of adult brains, those of early postnatal rats were not toxic when used at concentrations higher than 25 mg/ml. Indeed, by increasing the concentration of young rat brain extracts to 50 and 100 mg/ml, it proved possible to obtain the same level of survival as was seen with 25 mg of adult brain extracts per ml.
NGF Radioimmunoassay. In order to be able to distinguish between the effects of NGF and GCM or brain extracts, it was necessary to establish that the amounts of antibodies used in all the experiments involving brain extracts alone or GCM alone were large enough to block the effect of NGF possibly contained in GCM, brain extracts, or horse serum. In fact, no NGF could be detected (i.e., less than 0.5 ng of NGF per ml) in brain extracts, tested at 50 mg wet weight per ml, or in horse serum, tested at 10% (vol/vol), or in GCM either unconcentrated or concentrated 15 (20, 21) , which is correlated with a marked decrease of NGF receptors during this period (21) . Greene (7) As the ganglia mature in vivo, the morphological distinction between the two populations becomes less clear and by E15 is no longer possible (8) . The present study shows that as the sensory neurons mature, they become less dependent on NGF (either alone or in combination) and that at E16 they can be supported by GCM or brain extracts alone.
At present, we have only indirect evidence that the factor(s) contained in brain extracts comes from glia: a similar activity is found in medium conditioned by glioma cells and, further, mature rat brain, which contains more glia than newborn, also contains more activity. In the dorsal root ganglia, a source could be the satellite cells that completely ensheath the neurons as early as E10 in the chicken embryo (26) .
It remains to be seen how the sensitivity of cultured sensory neurons to factors from other sources such as conditioned media from cultured heart cells (27) or heart extracts (22) changes with the maturation of the neurons. The multiple and changing requirements of developing neurons shown here provides a basis for the classification of such trophic factors.
